We present updated predictions on the inclusive total cross sections, including the complete nextto-leading order QCD corrections, for the graviton and photon associated production process in the large extra dimensions model at the LHC with a center-of-mass energy of 7 and 8 TeV, using the parameters according to the requirements of the ATLAS and CMS Collaborations. Moreover, we also discuss in detail the dependence on the transverse momentum cut and uncertainties due to the choices of scales and parton distribution functions.
I. INTRODUCTION
The large extra dimensions (LED) model provides a novel framework to explain the hierarchy between the electroweak scale M EW (∼ 10 3 GeV) and the Planck scale M Pl (∼ 10 18 GeV) [1] [2] [3] . In this model, the spacetime has n extra dimensions, and the (4 + n) dimensional Planck scale M D is assumed to be around the only fundamental scale M EW , while the large Planck scale M Pl observed in the ordinary four dimensions is viewed as an effective scale. In this way, the hierarchy problem is reduced to the different forms of gravitational potential in the small and large distances [1] , i.e.,
where R is the radius of extra compact spatial dimensions. Because the Kaluza-Klein (KK) graviton, denoted as G, can propagate into extra dimensions, this model predicts striking signals at hadron colliders, such as the large missing energy associated production processes. Among them, a photon associated with large missing energy signature is most promising because this signature is very simple, easy to detect, and suffers from less backgrounds, compared to any final states containing jets. In order to address some of the most fundamental questions in extra dimension models, the ATLAS and CMS Collaborations have searched for new phenomena in the process with an energetic photon and large missing transverse momentum by using the data in 2011 and set the limit on M D [4, 5] . The precise limit on M D is based on precise theoretical prediction. The leading-order (LO) calculations and analysis of the process pp → γG were performed in Ref. [6] . We presented a complete calculation of next-to-leading order (NLO) QCD corrections to this process, and predicted inclusive and differential cross sections at the LHC in previous work [7] . * Electronic address: csli@pku.edu.cn
II. NUMERICAL RESULTS AND DISCUSSION
In this work, according to the requirement of the AT-LAS and CMS Collaborations, we present new results for the inclusive total cross sections for graviton and photon associated production at the LHC with a center-ofmass energy (CME) of 7 and 8 TeV, using the parameters suggested by the experimentalists [8] . Moreover, we discuss the dependence of the total cross sections on the transverse momentum cut and the theoretical uncertainties due to the choices of scales and parton distribution functions (PDFs), respectively. In our numerical calculations, the CTEQ6L1 [9] and CTEQ6.6 PDFs [10] are used for the LO and NLO results, respectively, unless specified otherwise. We take the LED parameters n and M D as input. Except for the scale uncertainty plots, the factorization and renormalization scales are set equal and fixed at the geometric mean of the squared transverse masses of the photon and the graviton, i.e., µ
T,G + m 2 , where p T,G and m are the transverse momentum and mass of the graviton, respectively. We define a jet by the following requirements:
In addition, the following cuts are applied in our numerical calculations according to the analysis of the ATLAS collaboration [5] :
Here η γ is the pseudorapidity of the photon, and p miss T is the transverse momentum of the graviton. We also require the photon to be isolated by requiring the separation of the photon and the radiated parton ∆R ≡ ∆φ 2 + ∆η 2 greater than 0.4. In general, the cross section for graviton production can be expressed as [6] The total cross sections for the graviton and photon associated production at the LHC with a CME of 7 and 8 TeV.
The corresponding K factors are also shown.
where S n−1 is the surface of a unit-radius sphere in n extra dimensions, given by
andM Pl is the reduced Planck mass, defined asM Pl ≡ M Pl / √ 8π. Here, σ m is the cross section for producing a graviton of mass m, and the coefficient of σ m denotes the number density of KK graviton modes. Since the KK graviton mass separation is much smaller than all the other physical scales involved, in numerical calculations, m is integrated over from very low region, near zero, to the CME of the collisions to give the total cross sections.
In Table I , we show the LO and NLO total cross sections for the graviton and photon associated production at different LED parameters n and M D . We can see that for a fixed n, the cross section drops fast when M D increases. This is reasonable because increasing M D means decreasing the radius of extra dimensions. At the same time, the radius and number of extra dimensions n determine the phase space that the produced graviton can propagate into; see Eq. (5). Therefore, a smaller radius, Table I , we also find that the larger is the value of n, the faster the cross section drops. For example, the cross section at NLO for n = 6 (2) decreases from 1528.3 (153.6) to 6.0 (9.6) fb. This is due to the facts that the graviton can propagate into n extra dimensions, and the length of each dimension is proportional to M −1 D . As a consequence, for a larger n, the effect of reducing the phase space is more obvious.
These behaviors of the cross sections result from the structure of the space-time, irrelevant of the dynamics of the scattering process. Thus, the LO and NLO cross sections follow the same rules, which means that the K factor, defined as the ratio of the NLO cross sections to LO ones, only depends on n, not sensitive to M D . From Table I , we can see that the K factor for this process is sizable. It changes from 1.52 to 1.11 when n varies from 2 to 6. This is because that for larger n, the coefficient of the cross sections σ m in Eq. (5) increases faster with the increasing of the graviton mass m, which indicates that the cross sections σ m with large m play more important roles in contributing to the total cross sections. In order to produce a heavy KK graviton mode, the phase space of the emitted jet in real corrections is strongly suppressed, leading to smaller NLO cross sections and thus smaller K factors with the increasing of n.
In order to suppress the background for the signal of a photon and missing energy, a large transverse momentum cut on the photon is usually imposed. When searching for the signal at the LHC with a CME of 8 TeV, experimentalists perhaps choose a harder cut on the photon transverse momentum, compared to that at the 7 TeV LHC. To see the change of cross sections, in Table II, The scale uncertainties of the total cross sections at the LHC with a CME of 7 and 8 TeV. We have chosen µF = µR = µ. Now, we discuss the theoretical uncertainties. First, we study the theoretical uncertainties arising from the choice of the factorization and renormalization scales. In Fig. 1 , we show the scale uncertainties of both the LO and the NLO total cross sections, for the case of n = 2 and 6. Note that these scale uncertainties are independent on M D because the cross sections are normalized by 
The scale uncertainties of the total cross sections at the LHC with a CME of 7 TeV when only one of the factorization and renormalization scales changes. σ(µ 0 ) and thus the dependence on M D cancels. We see that the scale uncertainties are significantly decreased by including the NLO QCD effects, especially for the case of n = 6. Explicitly, the scale uncertainties at NLO are about ±8% and ±4% for n = 2 and 6, respectively. The decrease of the scale uncertainties can be more easily understood if we study the case of changing only one of the factorization and renormalization scales, respectively, as shown in Fig. 2 . The dependence of the cross section on the factorization scale is reduced due to the inclusion of the Altarelli-Parisi splitting functions at NLO [7] , which accounts for scale dependence of the PDF up to O(α s ), and almost the same for n=2 and 6 at NLO. The dependence of the cross section on the renormalization scale is absent at LO and starts at NLO, and more obvious for n = 2 than n = 6 because of the larger QCD corrections for n = 2, as shown in Table I . Therefore, the decrease of the scale uncertainties for µ F = µ R = µ at NLO shown in Fig. 1 is a mixing effect of the reduced factorization scale dependence and appearance of the renormalization scale dependence. From Fig. 1 , we also find that the scale uncertainties are almost the same at the LHC with a CME of 7 and 8 TeV.
In Fig. 3 , we show the PDF uncertainties of the NLO total cross sections. We have compared the results by using the commonly used CTEQ6.6, CT10 [11] , MSTW2008NLO [12] , and NNPDF2.3NLO [13] PDF sets as recommended by the PDF4LHC Working Group in Ref. [14] . Each PDF set incorporates a function to evaluate the strong coupling constant α S . α S (M Z ) takes the values of 0.1179, 0.1180, 0.1201 and 0.1190 for CTEQ6.6, CT10, MSTW2008NLO, and NNPDF2.3NLO PDF sets, respectively. The differences among the values of α S (M Z ) are less then 2%. Since we have used the α S function in the PDF sets to perform numerical calculations, the PDF uncertainties actually denote the "PDF+α S " uncertainties. From Fig. 3 , we find that the PDF uncertainties generally become larger with the increasing of n. This is due to the fact that for larger n, the cross sections σ m with large m play more important roles to give the total cross sections, as explained above. For very large m, the PDF reaches the region x → 1, which is not well measured and suffers from large uncertainties. From Fig. 3 , we can also see that the predictions from various PDF sets can be very different but are still in the range of uncertainties.
III. CONCLUSION
We have updated the predictions on the inclusive total cross sections for the graviton and photon associated production in the LED model at the LHC, using the parameters suggested by the ATLAS and CMS Collaborations. We show the total cross sections for different LED parameters n and M D and find that the K factor for this process is sizable, changing from 1.52 to 1.11 when n varies from 2 to 6, and independent on M D . We also study the dependence of total cross sections at the 8 TeV LHC on the transverse momentum cut applied on the photon. The NLO total cross sections decrease quickly when the cut becomes harder. Furthermore, we discuss the theoretical uncertainties arising from the choices of the scales and PDF sets and find that the scale uncertainties are significantly decreased by including the NLO QCD effects, and the predictions from various PDF sets can be very different but are still in the range of uncertainties.
